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I. Introduction: Lattice @ BNL...very special
for over 4 century!

I1. Hunting New Physics with the lattice

II1. Summary & Outlook
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Introduction

« Lattice studies/simulation very special part of BNL-activities for
over quarter of a century! ..... Michael Creutz’s name is

essentially synonymous with lattice simulation...pioneering work
now blossomed into a significant component of High Energy &
Nuclear Physics communities.

* ’05 heralds significant new developments @BNL.:

a) QCDOC 10 Tf ....RBC machine
b) arrival of Frithjof Karsch....adds important new directions in
the arena of finite temperature simulations.

¢) QCDOC 10 Tf ....DOE machine
d) RBC joins forces with UKQCD
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[I. Hunting New Physics with the
lattice

1) Recapitulate: why lattice 1s needed

2) Lattice helps reach a milestone in Particle
Physics

3) Precise determination of the unitarity
triangle... THE HOLY GRAIL

4) Exact chiral symmetry on the lattice
5) 20 years of B

6) RBC-Menu’05

7) B versus K-UT
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W hy Lattice is WNeeded

Due to the non-perturbative nature of low energy

QC D, many experimental results, often attained at
cnornmmous cost cannot be used effectively to test the
Standard Model unless accurate values of hadronic
matrix elements are known: lattice i1s the only reliable
tool for such calculations

leg-| (BINL “64:; Christenson et al), provides a
CLASSIC EXAMPLE.

legl = BrCpASAZT{n,S(x:) + 1,50 ) [42A%(1 — 5)]
(72 Ferm - rrre
TS i . — ZFES R R
T, [Ir:' I:}} F E-‘l.,.-"ﬁ.ﬂ.'zf -
The experimentally known value |sg| = 2.27 = 102

can be used to extract information on the poorly
Known Sh parameters 2 and 1. once the
non-perurbative quantity., 5, becomes Kknown, as
evervthing else on the REHS is known quite well.
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Figure 12.1: Graphical representation of the unitarity constraint v, dI”Jb +V., ’E’L +
Vi d‘if’é = 0 as a triangle in the complex plane.
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Table 1: Comparison of some fits.

Input Quantity |

Atwood & Sont

Ciuchini et al

Hocker et af

Rue = | Vs, Ves| 085 £ 017 .0=9 £ .009 OST =% .006 % .014
Fp,\/ Bg, MeV 230 =+ 50 230 =4 25 =+ 20 230 &+ 28 + 28
£ 1.16 =+ .08 1.14 & .04 = .05 1.16 & .03 = .05
By 86 =+ 0.15 8T £ 0.06 £0.13 8T &+ .06 &+ .13
O ut Cuantity
“sin 23 .70 £ .10 .6O5 £ .065 .68 £ .18
sin Zex —.50 %+ .32 —.425 &+ .220
~ 46.2° 4 9.1 54.85 & 6.0 56 & 19
i .30 £ .05 .316 = .040 34+ .12
7 .25 =+ .07 .22 4 .038 .22 + .14
| Via/ Vis| L1185 «+ .015 19 + .04
Amp, (ps— 1) 19.8 4+ 3.5 17.3+t23 24.6 + 9.1
Jep (2.55 &4 .35) = 1077 (2.8 £ .8) = 107°
BR(K+ — wtwi) | (0.67 £0.10) x 1019 (.T4 & .23) = 1010
BR(Kp — 7%&) | {0.225 £ 0.065) > 1010 (.27 &= .14) = 1010

Takle 31: Si oy and s,

Experiment —5 =
BABAR [102] 0.722 + 0.040 + 0.023
Belle |5 0.728 + 0,056 + 0.023
B factory average 0,725 £ 0.037
Confidence laval 0,91

ALEPH 193] 084 T + 0.16
OPAL [194] a2ha+ 05
CDF [145] 0.7a 40
Average 0.726 + 0.037




Marcella Bona CKM fits in the SM

7= 0.340 + 0.020
[0.300, 0.380] @ 95% CL

L — |
3" CKM Workshop, San Diego, USA, March 2005 14




Lattice helps attain an important
milestone 1n Particle Physics

e 1. B-factory results + lattice (despite severe limitations)

-> CKM-paradigm of CP violation gives an excellent

account simultaneouly of CP violation in K, ->nw ( £,~.001)
as well as ap (B->yK()~.73[SLAC/KEK] with

1~.30+-.05!

* II. Note w/o the lattice ~$1 billion spent for the
experimental #s would have been seriously shortchanged.

e III. This is an outgrowth of the calculation of weak
matrix elements initiated in collaboration with Claude
Bernard ~’83.
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20 years of By

C. Bernard, A. Soni / Weak matrix elements on the lattice 16
o (K°|(As = 2)LL|K°) with Wilson fermions has been pro-
= posed in Ref. 32. One starts by writing the CPTh form for
1 the matrix elements of the continuum (physical) operator and
for its Wilson lattice counterpart:

]

e 9 (K°|(8s =2)00| K%y =y(pic - pr) + -+

>0 (B°|(&8 = 2)zo| KO =a + fm® + 7o pr) + -,
&

<

where the a and # terms in the lattice amplitude (and the
change from = to ~') are due to “bad” chirality operator:
such as O} which have not been carrectly removed by per-
turbation theory. Note that for K, K at rest, px -pg =
m?; while for the crossed amplitude {K*K°|{As = 2)12[0)
0.0 0.2 0.4 0.6 0.8 1.0 e = —m?. .. o_ RO litude and the

2 [GEV)E PEKPp m Both the original K amp! :
crossed amplitude are then computed at rest on the lattic:
FICURE 4 for various values of m, and the +' term is extracted by a fil
The amplitude {K°|{As = ‘2;;,;,1!{”} % 10% va. m?. The solid to the data. Finally, with the assumption 7 = 7' (see below
line is & naive (uncorrelated) fit to the data. for a critique), the order m? tarm in the continuum smplk

- i - - . e

3.0 =25 0.0
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Operator Mixing and By ...

e If chiral symmetry is broken, four other operators can mix (the four other
possible gamma matrix structures)

(K°|OvvaaKiate < (K°[Ovv4aa|K)ren + ZG{FD|OMIX,11|KD}ren
i>D

These operators, of course, have a different chiral structure.

BT 717 T T 1
o . . . L+ B VAL
Mixing is hard to control using perturbation 20k S e
theory; First order chiral perturbation theory i 4 LR
predicts that 1ol -~ . _
@ -
.'_"E' "D"\. _ F 2 2 i 7
(K7 OvyvgaalK7) o My ELles = o o =
= e
and, z -+ ; + =
—0 0. -0 = -
(K"|OTHE rEST|K ™) o< constant | =
m
small enough mass, wrong chirality opera- =0 my2 ]
tors will dominate . e
50 P S ST B |
001 0.02 Dr.]f_:llfa 0.04 CL05
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EXACT CHIEREAL SY MMETEY ONTHE LATTICE

Conventional fermions do not preserve chiral-flavor
symmetry on the lattice (Nielsen - Ninomiva T heorem)
= AN = 1. A/ = 1,/2 case mixing with lower dim.
(power-divergent) operators & or mixing of d-quark
operators with wrong chirality ones makes lattice
study of K — 7 physics virtually impossible.

NDomain YWall Fermions (Kaplan, Shamir, Narayvanan
and Neuberger)

M
Right
Lefi 0 f.—1
- D
—r

+—5th dim. —»
Practical viability of DWF for QCD demonstrated
(96-97) Tom Blum & AL S,
Chiral svmmetry on the lattice, a == 0! Huge
Improvement
== MNow widespread use at BENL and elsewhere



Zpg, results

mmmﬁangmmmm

1.5

_'I'I'I'I'I'I'I'I'I'I'I'Iﬂ
1.4
- omT O
LR RnRBRRRE E
L E
HE E
s 7
0.5 : - o
osl B Wi e Mixing very small _
- < vvraall i ¢ Combining Diagonal Z with
07 M Vv ssHpp — ; )
a6 vweaasspp | ] perturbative matching calcu-
0sE Pl B lation give the Z-factor in
L SEEPP L WVEAA E / i
o4 F T S e | MS, as required.
IJ.EL:— —
02f .
l:l.l_— ]
ol %iﬁﬁiﬁmn pmE
_ﬂllr_l I v Ly L b b e by Py 1
0 0204 06 08 1 1.2 14 16 1.8 2 22 24

(ap)'2

DOE-Review-4/27/05



I:IS T T T I T
. [ i
075 = = —
. . i
— 0T —
= m | ® DWF(REC, Blum-Scni)
ey i B Kogut-Susskind (JLQCD) | 7
O sk B A DWF (CPPACS) _
o i | |
p— | . -
A
as - i E —
L & 4
4
055 E 3 —
- | . | . | . | .
0.3 o 0.03 0.1 0.15 0.2
a (fm)

B with DWIE’s confronts staggered fermion results
Indications are that DWQ answer is 10-15% below the old

(staggered) result = tends to correspondingly increase the CP
violating phase 1 of the SM.

Amarit Somi -5 Weak Matrix Elements
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FIG. 29: Summary of our results of B (MS NDR, p = 2 GeV) renormalized with N; = 0 as a function
of the lattice scale squared. While filled circles are our results, open symbols are quoted from previous
works [20, 21].

theory. Within the quenched approximation, we extrapolate to zero lattice spacing and
obtain B}f}m NDR() =2 CeV) = 0.563(21)(—25), where the first error represents the statistical

error and second one is the svstematic error within our caleulation. We also discuss other



Dynamical Domain Wall Fermions

3/2 years running on a 400GF partition of
the 1TF QCDSP (the cell-phone supercom-
puter)

¢ 3 different dynamical masses

— 0.5m: — m.

¢ two degenerate dynamical flavours

o 162 % 32 ; ((2fm)3 = 4fm )

e 96 configurations/mass

Made possible by a lot of work on improving fermion algorithms and learning
how the Domain Wall Fermion mechanisms success depends on the Gauge
Action used.

¢ Note: this is the “less quenched” approximation.
— dynamical u and d; quenched s quark.
— Stepping stone to 3 flavour dynamical DWF on QCDOC
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Results for By

Fitting for valence and dynamical masses such that

0.02 < ameez, amyy < 0.04

as for low valence masses the plateau quality is bad, and we wish to stay in
the (relatively) low mass region to fit to NLO chiral perturbation theory

Fit Bare Number MS,2GeV
Degenerate 0.547(15) 0.509(18)
Non-degenerate 0.533(14) 0.495(18)

The difference between the degenerate and non-degenerate fits is within the
quoted statistical error, but due to these errors being correlated it is actually
statistically well resolved as a 2.8 £+ 0.03% effect.

e In the quenched approximation studies using staggered fermions give
[JLQCD, 1997]:

Bi(MS,2GeV) = 0.63(4)
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Future

e [ his is a picture of the first QCDOC machine, taken a few days before

it was shipped off to Edinburgh in November. The second machine
(RBRC) is completely constructed and is currently being debugged. A

third machine (shared by the US lattice community) will follow_
. Each machine is capable of 10 TFlops.

DOE-Review-4/27/05



A sample of the physics we wish to study on these |attices:

Hadronic spectrum Decay constants
Light quark masses Static quark potential
Topological charge — Kaon B-parameter
— K — 7w decay — sy K =y
Nucleon matrix elements Excited nuclear states
Exotic hadrons, pentaquarks Nucleon decay.
Neutron EDM g—2
Electromagnetic structure of hadrons U(1)4 problem
n' meson Charm and bottom physics

Structure functions
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B versus K Linitarity Triangle

Traditionally, experiment plus lattice matrix elements
arc used Tor g, 5 ; — B_d mass difference (Arrn ) and
semi-leptonic » — wev o constrain the unitarity
triangcle (L' )

— There 5, provided crucial (and the only Known) CP
violation nto. Howewver, now that B-tactories have
scen large CP violation in & — w K. and it is very
“clean™ . 1i.e. Nno hadronic uncertainties. one can replace
input from £ in the above and construct U'T purcely
from B-phvysics.

— In the future it would be important to construct
another UI'T purely trom K-physics using (orecatly
mmproved calculations) of hadronic matrix elements
from the lattice, TOr £ g, =" along with improved
experimental measurments of X7 — 7" 4+ v 4+ v and
possibly also K; — P v 4+

— Comparison of the two Ul 's i1s likely to become a
powerful new avenue to scarch for new phyvsics.



Summary & Outlook

Lattice calculations of weak matrix elements along with B-factory
results have led to a striking confirmation of the CKM-paradigm of
CP violation.

Since the KM-mechanism is dominant contributor to the observed CP
violation in the K and B-systems, the effects of any new beyond the
SM CP phase is likely to be small.

This puts greater demands on precision from experiments as well as
from theory for the discovery of new phenomena.

For the lattice, the new hardware (QCDOC) would allow us to go
beyond the quench approximation, a major source of error
heretofore.

To use the increased computing power effectively for physics
applications of experimental interest, however, would require at least

one possibly more lattice post-docs in HET; currently we have none.
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